Abstract A steep gradient density layer (density shift) in a water column often forms due to intense summer heating of the surface and wind mixing the upper layer. It influences the vertical transport of chemicals and pollutants, due to the significant power generated, overcoming Archimedes forces. The mechanism of vertical transport of dissolved chemicals through the density shift is connected with the stochastic formation of local turbulent structures -"turbulence flares", which arise because of shifts of current speed in internal waves and eddy-wave formation of the "billows" type. Analyses of data from the Black Sea and Lake 
Introduction
Vertical transport of dissolved chemical substances, gases and various particulate pollutants is extremely important in the ecology of the natural water environment. Vertical turbulent diffusion in the layers of sharp density gradients exists mainly in the form of local turbulent structures. Such structures, sometimes called "flares" of turbulence, arise owing to irregular shifts of the current's speed in the internal waves, eddy-wave "billows" type structures or in other dynamic formations (Ozmidov, 1997) . Parameters monitoring of the vertical transport in natural waters would allow us to ensure the operative control and forecast of the qualitative characteristics of water mass and ecological conditions in a reservoir.
This work is devoted to a substantiation of such methods of vertical flux parameterization and to estimation of such parameters for specific formation conditions of Lake Kinneret and the Black Sea.
Materials and method
The work is done on the basis of measurements of the temperature and current profiles during the summer heating and formation of the steepest vertical density gradients. An international, multi-disciplinary study of Lake Kinneret, Israel, was performed in June 1997. The measurements of current velocities in Lake Kinneret were carried out by the Center for Water Research, University of Western Australia with a 3-D laser doppler anemometer. A series of the vertical profiles of temperature and currents with vertical resolution of 1 cm were registered in the central part of Lake Kinneret during the periods of most significant V. Kushnir et al. 342 summer heating. It was used to obtain statistical characteristics of the density stratification and water stability.
The semi-empirical Ozmidov (1965) model was used for estimation of statistical distributions of normalized vertical diffusion coefficient Y= K z /υ, where υ is the kinematic viscosity. It allows us to calculate probabilities of the "turbulent flares" in the layer of density discontinuity, which correspond to effective vertical transport (K z =0.1 . . . 1 cm/s). Horizontal the scales of the vertical advective movements correspond to the barocline radius deformation (Rossby barocline radius) R b = (N/f)H, and the scale or characteristic size of the vertical current speed W is equal to:
where N is the mean value of the Brunt-Vaisala frequency, H is depth, f is the Coriolis parameter, L is horizontal size of a heterogeneity (L≈2 πR b ), H b is thickness of barocline layer, T is the characteristic period of vortices' synoptic variability, equal to L/βR b 2 , β=2 · 10 -8 (1/km · s), U o is the characteristic value of the horizontal current speed.
The mean value of the vertical diffusion nitrate flux through the density discontinuity <FND> is calculated using the probability distribution of the vertical diffusion coefficient Y=K z /ν in the range of Y from 0.1 (boundary condition of the turbulent diffusion development) to infinity: where G N is the vertical gradient of the nitrate concentration.
The expression for static balance of a horizontal and vertical advection can be used in the form:
where g is gravity acceleration, ρ (x, y, z) is density distribution, ρ 0 is average density, p is hydrostatic pressure. The coordinate axes oy, ox and oz are directed accordingly to the north, east and vertically upwards from the surface of the sea.
This ratio is usually used for the estimations of synoptic components of vertical current speed (Bower, 1989; Lindstrom and Watts, 1994) , and the specified static balance is carried out under next condition (Kushnir et al.,1997) :
For the Black Sea conditions R b =25 km, U o =0.3 m/s; for Lake Kinneret R b =8.5 km, U o =0.1 m/s, and so Q v values are equal to 0.0125 and 0.0144 for these basins, respectively. Optimum statistical estimations of the horizontal gradients of hydrostatic pressure are calculated on the base of the following ratio (Kushnir et al., 1999b) : The same ratios are used for calculation of the horizontal gradients of density.
Analysis of the possible errors of the vertical current speed determination has shown that the appropriate estimations of the standard deviation of the w-error can be calculated using the following relations (Kushnir et al.,1997): where σ 2 gdx , σ 2 gdy are dispersions of the horizontal gradients of density; σ 2 gpx , σ 2 gpy are dispersions of the horizontal gradients of pressure; S 2 x , S 2 y , S 2 d , S 2 p are selective estimations of dispersion of coordinates, density and pressure accordingly; σ l 2 is dispersion of the error of coordinates determination of the measurement point (m 2 ); n is the number of stations for the w-determination; z is the step in the depth; H M is the limiting depth of the density measurement; σ 2 d is dispersion of the measurement error of density; σ 2 p is dispersion of the error of pressure determination.
Vertical profiles of the nitrate fluxes and standard deviations of the error of their estimation σ F are calculated on the basis of:
The specified ratios were used to calculate the characteristics of spatial structure of the vertical current speed and vertical nitrate fluxes in the Black Sea in the summer period. These calculations have shown that the positive vertical currents, directed to the sea surface, were prevailing in the central areas of the sea and negative vertical currents were prevailing in peripheral areas.
Characteristic size of the advective nitrate fluxes is equal to: F NA = WC N where C N is concentration of nitrate NO 3 in the upper layer of water column. Its typical values and gradients were estimated on the base of long-term monitoring done by Kinneret Laboratory (Smith et al., 1989) .
Results and discussion
The measurements of the vertical density profiles (or the temperatures for fresh water) can be used for monitoring of the vertical flux characteristics of water areas. This method of 
definition of the vertical diffusion fluxes is based on the well known data on the concentration of wave and eddy-wave energy in layers of the density gradient increase. These data allow explaining the rather high correlation between estimations of the local Brunt-Vaisala frequency N and vertical current velocity shifts E. The diagram of such dependence is shown in (Kushnir et al., 1999a) for the summer Lake Kinneret, where the diffusion fluxes play the basic role in the vertical water transport. Correlation coefficient between these parameters (N and E) is equal to 0.72 and trend line has the following form: ( .
A comparison of chlorophyll a concentrations and vertical current distributions has been carried out during two complex surveys done in the Black Sea during summer 1991 and in winter 1994. The results obtained have shown a significant positive correlation of these parameters, especially, in summer (r = 0.65) and winter (r = 0.83) (Kushnir et al., 1999b) .
Conclusions
Parameterization of the vertical advective currents and vertical advective fluxes of nitrates in the density stratified water column were carried out on the basis of the optimum statistical estimations of horizontal gradients of hydrostatic pressure, density, vertical gradients of density, and also vertical profiles of nitrates in the top 100 metre layer of the sea. The local value of the Brunt-Vaisala frequency reaches 0.1 rad/s in the summer Lake Kinneret (it corresponds to periods of about 1 min) and the vertical diffusive fluxes are equal to 32-52 µg-at m -2 d -1 . One can note some differences in the vertical F N distribution in the layer of the density discontinuity at the depth interval of 15-25 m.
The local value of the Brunt-Vaisala frequency reaches the value of 0.1 rad/s in the summer Lake Kinneret. The vertical diffusive fluxes are equal to 32-52 µg-at m -2 d -1 , at vertical nitrate gradients of 0.15-0.25 µM/m. These values correspond rather well to the scale estimations of vertical diffusion fluxes of nitrates. The values of the vertical F N fluxes in the layer of maximal photosynthetic activity (10-30 m) are in a good conformity with the common scale estimations. The characteristic velocity of the vertical advective transport in the Black Sea is approximately 10 times higher than the similar value in Lake Kinneret. It is connected mainly with more intensive synoptical movements in the Black Sea, as the development of appropriate disturbances in the lake is limited by its size and depth.
The above estimations of vertical fluxes of advective and diffusion type have shown that their values depend on a high number of factors and can vary substantially under different conditions. The common features are the prevalence of the advective vertical movements over diffusion under conditions of the sea, the presence of intensive synoptical variability, and the prevalence of the diffusion components of vertical transport under conditions of small shallow pools. 
